INTRODUCTION
Screening populations for infectious diseases serves several purposes. Screening can be used to determine endemic disease levels and to detect emerging diseases; it is also a tool to monitor the progress of disease control. Furthermore, as international free-trade zones develop, there will be increasing demands that livestock to be traded are documented as being free of communicable diseases. The herd in the present study was indicated for screening because it belongs to the National Autonomous University of Mexico (UNAM), which supplies farmers in six counties of the state of Veracruz with breeding stock. Occasionally, the University also imports animals from other states of Mexico and from abroad.
Before 1986, no laboratory-based disease monitoring had been used for this herd. The monitoring system introduced in late 1986 was suspended for logistical reasons in 1987 and reactivated in 1988-1989. The present report describes the results of monitoring in December 1986 and throughout 1988 and 1989. The results were examined for prevalences, trends, seasonal variations, age differences and differences between genotypic groups.
MATERIALS AND METHODS

Herd
The study was carried out at the Centre for Research, Teaching and Extension in Tropical Livestock (Centro de Investigación, Enseñanza y Extensión en Ganadería Tropical: CIEEGT) of the Faculty of Veterinary Medicine at UNAM. The Centre is located in the tropics of Mexico, in the northern central part of the state of Veracruz. This area is 151 m above sea level and the average annual temperature is 24°C; mean annual precipitation is 1,500 mm, seventy-five percent of which occurs between May and October, with September being the month with the heaviest rainfall (9, 10, 11, 12, 13, 14, 15, 16, 17) .
The objectives of the Centre are to promote research, teaching and extension programmes with the purpose of increasing livestock production. Programmes for the improvement of genetic potential, reproduction, nutrition, management and animal health have been in progress since 1978. Efforts to improve animal health have been directed primarily toward the control of parasites, including ticks.
The herd is composed of Holstein x zebu crosses. The total population and composition of the herd are summarised in Table I . Animals aged 0-4 months are classified as calves, those aged > 4 to 36 months are termed "developing animals" and cattle aged >36 months are "producing animals", i.e. animals which have had at least one pregnancy. (This classification applies only to female animals.)
The herd is not housed but is pastured all year round, day and night. The only additional feed provided, in a 3% urea/molasses mixture, is fed in amounts of 2 kg per 1986  7  37  64  14  21  10  1988  59  83  99  62  42  7  1989  55  90  108  59  40  8 animal per day during lactation. Artificial insemination is the primary means of breeding; bulls are directly used only for cows which fail to conceive after three inseminations. Calving occurs all year round with a peak in May and June. The mean calving interval is 15 months with a range of 11-22 months.
Lactation periods vary from 8-15 months with a mean of 11 months. The average milk production per lactation is 2,500 kg, with a range of 2,000-3,100 kg.
The health of the herd is generally good. The males are raised for meat to an average age of 36 months; some are selected to serve cows with reproductive problems and some are used as detectors of oestrus.
Over the ten-year period 1980-1989,1,140 cases of disease were reported. Mastitis was the most frequent disorder (218 cases) followed by pneumonia (197 cases), haemorrhagic enteritis (150 cases), gastrointestinal nematodes (118 cases) and anaplasmosis (56 cases). Over the same period, 164 female removals from the herd (culls and losses) were recorded. The removal rate increased from 2.43% in 1980 to 17.1% in 1989, with the highest removal rate (37%) occurring in 1986. Of the total number of female cows removed during the ten-year period, more than half (53%) were adult cows (>36 months) and 40% were aged 4-36 months. Of the total of 164 removals, 74 (45%) were attributed to poor management and accidents, 61 (37%) to problems of production and reproduction, and 29 (18%) to infectious diseases. In 1986 In ,1988 In and 1989 , the crude mortality rate was 5.7%, 6.3% and 5.8% respectively and the morbidity rate was 43%, 35% and 30%, respectively. The overall animal culling rate was 6.3% and the main reasons for culling were production and reproduction problems followed by trauma, urea intoxication and misbehaviour during milking (19) .
Routine health measures include administration of Pasteurella multocida and Clostridium chauvoei bacterins. Cows which test positive in the California Mastitis Test are treated for the disease. Tests for brucellosis and tuberculosis are performed regularly and reactors are sent to slaughter.
Collection and storage of sera
Blood from animals in the herd was sampled approximately every two months. For logistical reasons, it was not possible to sample all animals in a single day, but samples were collected over no more than three consecutive days at the end of the month. Table II shows the mean number of days between sampling and the standard deviations. Not all animals were represented in all of the twelve cross-sectional samplings. Some animals left the herd, some moved into another age category, some were born between sampling times and a few were simply missed. Glycerol was added to the sera as a cryoprotectant at a level of 50%, and merthiolate (1:1,000) was also added. Sera, labelled by day of collection and animal identification number, were stored in plastic vials (1-2 ml of serum) at -20°C. After transportation to the University of California, Davis, California, United States of America (USA), sera were tested in the serology laboratory of the Department of Epidemiology and Preventive Medicine. Testing was performed an average of four months after collection.
Antigens prepared from twenty-one infectious disease agents were used as the solid phase of an enzyme-linked immunosorbent assay (ELISA) or in the agar gel immuno diffusion test (for antibodies to bovine leukaemia virus). Fourteen of the antigens were the same as used in a study by the National Animal Health Monitoring System (NAHMS) in the USA (8) . Seven additional antigens became available before the present study. The origin of the antigens and the methods of preparation are shown in Table III .
Enzyme-linked immunosorbent assay procedure
The ELISA method adapted for serum testing is similar to that described by Snyder and Stewart (20) , Behymer and colleagues (7) and Barajas-Rojas and colleagues (2, 3, 4, 5) . Optimum dilutions of antigen in carbonate bicarbonate buffer (pH 9.6) were determined by titration and 50 ul were added to each well of a microtitration plate and incubated at 4°C overnight. The microtitration plates were washed three times between each step, using a 96-well dispenser with a wash solution containing 8.5 g NaCl and 0.5 ml Tween 20 per litre. Serum was diluted 1:40 in 0.05M tris buffer (pH 7.4) containing 0.1% bovine albumin fraction V, 0.05% Tween 20 and 0.85% NaCl. The serum tested in duplicate was incubated in the microtitration plate at 37°C for 1 h. Antispecies immunoglobulin G (IgG) peroxidase conjugate (1:8,000) in tris buffer was incubated for 30 min. After the third wash, 100 µl of 0.05M citrate solution (pH 4), containing H 2 0 2 and 2,2 azino-di-(3-ethylbenzthiazoline sulfate) was added to each well, and the plate was incubated for 10 min at room temperature. The developing green-coloured reaction was stopped by adding 100 µl of 0.1M hydrofluoric acid. The microplates were read with an automatic ELISA reader at a wavelength of 405/450 nm.
Antigens
The absorbable reading was transmitted directly to a computer for data storage and rapid data processing; the mean absorbance readings from a sample tested in duplicate were calculated and processed by the selected computer programme. If the standard deviation of optical densities between duplicate sera exceeded 0.05, the test was repeated. Results of the data from the microplate were printed out as a histogram, to visualise the antibody response and select the cut-off point. The computer was programmed to calculate the following values: a) the S/N ratio (absorbance value of the test serum divided by the absorbance value of the negative control serum) b) the percentage ELISA (absorbance of the test serum divided by the absorbance of the positive control serum) c) the two-value normal (percentage ELISA adjusted for absorbance of the negative control).
The percentage ELISA equates the binding capacity of the test serum on a scale of 0-100% and this was the calculation used. The positive/negative (P/N) ratio was calculated for each microtitre plate, and if P/N was less than five the test was repeated. Positive and negative control sera were aliquoted, stored at -80°C and thawed only once. Calculations of percent positivity were based on readings from the positive control sera (100%), and the cut-off value between positive and negative sera was defined as the mean percent positivity of the apparent negative sera plus two times the standard deviation. This calculation was performed for each microtitre plate (40 sera). The sources of positive control sera were the same as in the studies by Behymer and colleagues (8) and Barajas-Rojas and colleagues (2, 3, 4) . The negative control sera were collected from herds with no history of the relevant infection. These included sera from Danish dairy herds which had been documented as being free of infection.
The agar gel immunodiffusion test for bovine leukaemia virus was performed following the method described by Miller and van der Maaten (18) . The immunological specificity and sensitivity of the tests could not be determined in population studies, but where official United States Department of Agriculture tests are available, comparative testing was performed by the National Veterinary Services Laboratories, Ames, Iowa, USA. The sera selected for testing had ELISA values close to (above and below) the cut-off value. Results are presented in Table IV. Cross-reactions among twenty-one antigens were not tested because of the possible fallacy associated with a large number of paired tests. However, the chi-square test for differences between two correlated proportions was performed for the two agents most likely to cross-react, Salmonella dublin and Salmonella typhimurium; this test yielded a chi-square value of 7.6 (0.01>P >0.001, df = 1). 
Data management
"Data base III plus" was used to load data files into a data base. This programme enables storage of the following data:
-species from which samples were taken (choice of a list of ten species) -location of sampling site -date (the programme searches for the date registered on the plate reading) -number of samples.
The programme also requests the accession number of the first sample, and whether the operator wishes to enter results by hand (1 = negative, 2 = positive).
If samples are found in-mid plate and if the sera were run as doublets, there is also the option to upload data directly from the files. The Data base III plus programme can sort, match, arrange and edit animal numbers and make a final report based on data from one set of sera samples where, again, details can be entered of the species from which samples were taken, the location of the sampling site and the dates when samples were taken. When the programme has retrieved all the ELISA readings from this set, there is the option to have the antigen translation legend printed and to request the cut-off value for each antigen. Values can be entered for negative and positive readings for each antigen tested. The programme then produces a final report which includes the date of sampling, animal identification number, age and genetic group, letter codes identifying the antigens used and the cut-off value determined for each antigen. At the top of each report, the programme calculates the percentage of positive results (number of positive results divided by the total number of samples tested) for each antigen used. The programme also calculates the percentage of positive results with high percentage ELISA values (> 80%). Data base III plus immediately generates a list which includes individual results for each animal. For each serum tested, the ELISA result is given, together with the symbol + (positive) or -(negative) according to the selected cut-off value.
Seasonality and trends
Seasonality and trends were studied using an inception cohort of 159 animals aged over 36 months at the beginning of 1988. These animals were tested in bi-monthly crosssectional studies throughout 1988 and 1989. Secular trends were analysed by the chi-square test for linear trends, and seasonal variation adjusted for secular trends was calculated using the Box-Jenkins analysis. Both analyses were performed using the SOLO programme of the Biomedical Data Package (BMDP) statistical software programme.
RESULTS
The prevalence of seropositive animals in the thirteen cross-sectional tests is shown for the three age groups in Tables V, VI and VII. The mean values for the three age groups are shown in Figure 1 . BTV  88  98  92  98  49  92  99  66  79  78  86  82  88  AM  60  43  46  68  65  60  92  33  38  85  67  73  79  LH  48  45  39  68  28  50  60  69  66  55  76  29  37  MB  20  18  85  53  29  40  91  90  92  76  94  76  68  CB  13  41  46  22  10  14  16  56  24  78  49  36  32   RV  94  82  39  56  25  9  62  66  70  56  55  32  25  HS  26  22  23  25  16  23  13  8  14  24  24  18  31  CF  32  40  31  72  23  10  25  42  63  51  22  12  72  CL  12  32  54  57  16  12  24  55  16  28  41  50  29  PM  27  72  15  25  24  19  40  44  40  69  55  21  32   BRSV 39  82  54  68  13  19  18  86  67  49  76  74  67  TG  33  55  77  59  19  18  19  69  46  31  64  49  30  PI3  33  23  15  54  18  15  17  77  64  86  83  20  15  ST  53  28  46  75  10  13  57  52  44  60  58  62  52  BLV  12  14  14  15  14  15  18  19  20  21  23  24  26   MP  77  69  46  20  11  18  4  26  55  83  46  21  23  SD  75  77  46  62  4  9  75  43  43  69  81  27  32  LM  18  19  15  74  9  4  28  43  51  36  35  15  32  BVD  2  22  0  27  12  4  5  9  9  8  3  0  3  IBR  5  9  0  2  3  0  1  17  6  8  3  0  1  BA  0  0  0  0  0  0  0  0  0  0  0  0  0   Sample  size  130 108  93 124 113 101  91  87  97  86  96  95 108 * for full names of abbreviated antigens, see Table III TG  25  58  51  59  19  26  15  53  33  75  56  20  46  PI3  12  10  43  31  21  18  18  26  22  34  58  1  22  ST  6 25  39  85  38  23  48  41  10  50  21  69  34  BLV  9  8  10  13  13  12  15  20  22  19  23  24  24   MP  5 52  41  24  18  22  12  46  46  50  4  32  40  SD  75  87  31  63  71  19  80  47  22  63  50  45  32  LM  5  10  14  51  28  24  32  51  53  34  46  44  35  BVD  5 Sample 61 102  99  92  84  89  96  90  91  92  96  91 98 size * for full names of abbreviated antigens, see Table III The prevalence of positive reactions was considerably greater in the older groups (young<developing<producing animals), but all three age groups showed a similar pattern. The prevalence of reactors was high for bluetongue virus, Anaplasma marginale and Mycoplasma bovis; reactors averaged over 56.6% among young animals, over 70.3% among developing animals and over 70.1% among producing animals.
There were no reactors to Brucella abortus antigen and the level of reactors to bovine virus diarrhoea virus and infectious bovine rhinotracheitis virus was low: on average, <2.23% in young animals, < 1.65% in developing animals and <6.11 % in producing animals. Reactors to fifteen other agents showed intermediate overall prevalences of 33.06%: 25.7% in young animals, 34.42% in developing animals and 39.06% in producing animals. No significant differences in seroprevalences were observed between three genetic groups:
-Group 1 (50% Holstein x 50% zebu) -Group 2 (75% Holstein x 25% zebu) -Group 3 (63% Holstein x 37% zebu).
On the whole, the prevalence of seroreactors in the herd was quite stable during the period of testing, but there were strong seasonal variations in the case of some antigens and there were also some, fairly weak, secular trends. The results of examination for seasonality are shown in Table VIII and examples are depicted in Figure 2 . The term "typical seasonal" is employed as described by Adler and Roessler (1). TABLE VII 24  8  CF  5  10  29  15  23  10  5  21  40  47  15  12  46  CL  5  5  53  56  16  12  11  34  27  6  7  6  18  PM  14  33  18  4  24  19  10  32  37  58  18  10  11   BRSV 19  64  47  26  13  19  8  36  28  71  24  29  18  TG  10  26  65  22  19  18  9  53  25  29  12  13  7  P13  10  5  47  67  18  15  21  50  29  41  71  5  9  ST  24  3  47  63  10  13  53  67  39  24  24  24  27  BLV  6  8  9  11  10  13  9  12  9  10  11  14  12   MP  5  10  47  11  11  18  11  50  22  18  12  47  27  SD  29  64  41  41  4  9  47  41  50  41  24  35  55  LM  0  10  47  33  9  4  21  22  43  35  18  33  11  BVD  0  5  6  0  12  4  0  2  6  6  0  0  0  IBR  0  0  6  0  3  0  0  8  0  0  0  0  0  BA  0  0  0  0  0  0  0  0  0  0  0  0  0   Sample 31  39  27  30  35  39  36  32  37  36  37  40  41  size 726 Significant seasonality was observed for Campylobacter fetus, A. marginale, bluetongue virus, bovine leukaemia virus and Haemophilus somnus. The results of analysis of trends in prevalence of reactors are shown in Table IX . The data indicate increasing trends for bovine leukaemia virus, M. bovis and Listeria monocytogenes; a decreasing trend was observed for bovine virus diarrhoea virus and C. fetus.
DISCUSSION
The specificity and sensitivity of the tests used in this study are not precisely known. However, the agreement between the ELISA used in this study and official tests was generally good. Considering that only sera with percentage ELISA results close to the cut-off value were selected for comparative testing, infectious agents which consistently, show very low seroprevalence (such as bovine virus diarrhoea virus and infectious bovine rhinotracheitis virus) may in fact be absent from the herd, the prevalence of positive animals being very low. This should be verified by testing for the presence of the agents. If the agents are absent, quarantine measures should be taken to prevent introduction of these agents into the herd. For full names of abbreviated antigens, see Table III This study was carried out as thirteen bi-monthly cross-sectional tests, thus simulating a cohort study; however, in contrast to a cohort study, events are not recorded exactly as they occur but on a bi-monthly basis, and the entry and departure of individual animals is not recorded. This type of design results in repeated tests on the same animal, which is similar to continuous observation of members in a cohort. Repeated tests on the same animals may cause bias in some analyses (such as trends and seasonality) if the tests cannot be considered independent and if some animals are consistently tested more frequently than others. This is not the case here, as attempts were made to collect samples from all animals present in the herd at the time of sampling. Nevertheless, as a precaution against bias, the tests for trends and seasonality in prevalence of reactors were performed on a fixed cohort of 159 adult (producing) animals, and there were very few missing values.
A seroprevalence study of the type presented here is not demanding in terms of resources and manpower. The results obtained can form the basis for additional studies on the impact of subclinical infections and ways to control such infections (6) . 
